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Fig.1 DTA curve of Ndg sFes7.6Bs4C04Zr;Cug s as-spun ribbons

quenched at 15 m/s speed
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Fig.2 TEM image of NdssFe776B64C04Zr;Cuq s ribbons annealed
at 710 ‘C for 5 min
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Fig.3 Magnetic hysteresis loops of Ndg sFe77.6B6.4C04Zr3Cuq.s

ribbons annealed at 710 “C for 5 min
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Fig.4 XRD pattern of Nds sFe77.6B6.4C04Zr;Cuq s ribbons

annealed at 710 C for 5 min
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Fig.5 3DAP results of Nds sFe77.6B6.4C04Zr3Cuq s ribbons

annealed at 710 C for 4 min
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Fig.6 3DAP results of Nds sFe77.6B6.4C04Zr3;Cuq s ribbons
annealed at 710 C for 4 min (selected area 1):
(a) atomic mapping of different elements and

(b) composition-depth curves

’ b

200}
[ Nd

0.0 o~

90.0F

70.0F Fe
£250.0
= 8.0F
= Tt B
S 40t
g8
=i
S 0.0
O F
— 8.0F o
< L
2 a0l
g 00
5150p
m

10.0F Zr

L]
Al
Distance/nm

Fe |

. L [ I -
IS N SN DN | A S ) D— L D ¢

2nmX2 nmX8 nm

Bl 7 NdssFerr6BsaCoaZrsCuos A4z 15 m/s PRV I T0 3
J53 43 A7 AR B -3 B it £ 1)
Fig.7 3DAP results of Nds sFe77.6B¢.4C04Zr;Cug s ribbons
annealed at 710 ‘C for 5 min (selected area 2):
(a) atomic mapping of different elements and

(b) composition-depth curves

Bl 6 i1 7 430 2 1 PEAS [l X 3oy B i 46 . AT B
i, & Nd X Nd 1 EOE 20at%~30at%, 5
A[iA 40at%, 5 XRD & Nd 1 #208, X 5458
45 NdFeB "5 Il Cu JC % o tHHL NdFeCu 24 1) ' EaAH
(I 5 A2 E Nd & S 0 X 3 Ze R A 0 6 K 2R
Cu W43 Ai 6% Nd X o {E a-Fe #IIX, Zr. B L&
TR, Co M i .

Zead B3R Hr Al LLF Y, Ndg sFerr.6B6.4C04Zr3Cug s
A4 15 m/s PREHE LR 710 C AL AL FE 5 min J5 M
MR RN A RGN E 2, 7 Nd & EEmE
30at%~40at% 1) & Nd X, & Nd A AErEEAH ",
WE A i B 5 1) ek, SO A A SR EE s Cu
TEH Nd FHAETE B W 2R, ks T i kL2 T ) A2
Rl 1 o BRI 12 G 4 DR VAR S T it AR DX R A2
43 L T AZ A ) R A0 R, 3 bR R T
A0S )R RT3 AT AN 57 0 Tk 2l Ay R R A R
RE A1 = 22 R A

Ndg sFe77.6B6.4C0sZr;Cug s PRVE Y 4 I Nd AH 1
RINAT BT AR S0 0 G 25 AE VIR T 7 1 11 46 45
) 7 M G K A K A R I VE R . AN Nd-Fe — JGAH
BITT 410G, 76 Nd & EH 20at%~40at%I , 44 115
RZIH 1100~1200 C, H#E Nd-Cu —JoAHE ] LUHE
W, Cu AFEESE S Nd X 8 it — DB
PN b AR TR A TP AR b S A LA R
S g, PR U T R TE I & b



* 1790 -

G E AR

%38 4%

URAR S N AHS BB, A S A A A
T4 800 CHAAIE I B A R AH A FE DL ) o

3 & it

1) Ndg sFes76B6.4C04Zr;Cuqs &4 15 m/s PLif v
(1 P U B DX DDA B, R VAR S & A S TR iR RN 2
MRS, AT AEAE D & FerroNdopg A, HISS T
R (] PR A8 $e i 5 1 H

2) Cu JL AT a-Fe, M Zr sEILFEEET
Fe77oNdy s MIX o IXECAHIIAEAE, 4T G 4 10 F8 R 1k
A B R s [P 2 1) 5 T B BRI AR T 5 2 1
LR HETERE

3) & Nd FI4 25 b Nd,Fe 4B Al a-Fe MK, 7£ 800
CHRA S TG, v e R T # T8 i F2 v 4 g AH
Nd,Fe B EALHCN, HHEBELRMN Cu 550 A H
AR T IRAG 5 1) 7 1k 9 K A KRG R

Sk

[1] Wang Zhanyong(F /&y 5), Liu Wengqing(Xl| 3C X), Zhou Bang-
xin(JAFBHT) et al. Rare Metal Materials and Engineering(’F
4 @A RS TRR)[I], 2007, 36(5): 830

[2] Tan Xiaohua(iFIE ), Xu Hui(4: HF), Qi Nannan(E i) et
al. Rare Metal Materials and Engineering(Fi#5 4 J& M kL 5 I
T[], 2005, 34(12): 2006

[3] Wang Zhanyong(F 5 %), Zhou Bangxin(Ji 3 H7), Ni Jiansen

References

(1 #%) et al. Journal of Hebei University of Technology(in
JE Tl K 22240 [J], 2006, 35(5): 13

[4] Wang Wei(E 1), Ni Jiansen(fit # #%), Zhou Xiying(J 4l i)
et al. Rare Metal Materials and Engineering(¥i i & J&#1 ¥l 5
TF[I], 2005, 34(7): 1051

[5] Skomski R. J Appl Phys[J], 1994, 76(8): 7059

[6] Lee D, Hilton J S, Liu S et al. IEEE Trans Magn[J], 2003, 39:
2947

[7] Lee D, Hilton J S, Chen C H et al. IEEE Trans Magn[J], 2004,
40(4): 2904

[8] Luo Yang(%' BH), Liu Shigiang(Xl|1tH:3#). Journal of Magnetic
Materials and Devices(BiEM BN K 83 1F)[J], 2005, 36(5): 1

[9] Saito T, Fujita M, Kuji T et al. J Appl Phys[J], 1998, 83(11):
6390

[10] Chen Xiuyun(¥:75 =), Jiang Zhongliang(Z£ /& B ), Gao Tian-
ming(= KW) et al. Journal of Rare Earth(¥i1)[J], 2003,
20(3): 188

[11] Li Qiang(%* %), Zhou Bangxin(J&F#). Rare Metal Materials
and Engineering(Wifi & J& M kL 5 THRE)[J], 2000, 29(4): 283

[12] Ragg Oliver M, Harris I R. IEEE Trans Magn[J], 1993, 29(6):

2758
[13] Zhou Shouzeng( )& 7% 1), Dong Qingfei( # i ). Ultra
Strength Permanent Magnet( i 3 7K B 75 )[M]. Beijing:

Metallurgical Industry Press, 1999

Study on NdgsFe;7¢Bg4C04Z1r;Cuys Nanocomposite Permanent Magnets

Wang Zhanyong', Liu Wenging®, Sui Yanli’, Zhou Bangxin®, Ni Jiansen®, Xu Hui’
(1. Shanghai Institute of Technology, Shanghai 200235, China)
(2. Shanghai University, Shanghai 200072, China)
(3. State Key Laboratory for Advanced Metal and Materials, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Microstructure of as-spun NdgsFe77¢B¢4C04Zr3Cug s ribbons after annealing treatment was investigated. Results show that the
as-spun ribbons with the wheel speed of 15 m/s only have one exothermic peak, which is so wide that the grain size distribution is
inhomogeneous for the annealed ribbons. A few Fe;7:Nd», s phases were found in the annealed ribbons, reducing the interaction coupling
between the soft-magnetic and hard-magnetic phases. The analysis of three dimensional atom probe(3DAP) revealed that Cu atoms were almost
insoluble in a-Fe phase, enriching in Fe;7,Nd»2 g phase together with Zr atoms. These phases reduced the remanence and squareness of the
hysteresis loop, resulting in the decrease of the integrated magnetic properties.
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